INTRODUCTION {#sec1-1}
============

Cataract surgery with lens implantation is one of the most commonly performed elective operations in the adults. On the other hand, in 2007-2008, among US adults aged ^3^20 years, an estimated 49.7% had at least one of the cardiovascular disease risk factors.\[[@ref1]\] The stress response to intubation, which entails laryngoscopy, is associated with a rise in intraocular pressure (IOP) mainly due to increased ocular blood flow.\[[@ref2]\] These stress responses are hypertension, myocardial ischemia, or cerebrovascular disease.\[[@ref3]\] The laryngeal mask airway (LMA) has seen increasing use in patients undergoing cataract extraction and lens implantation.\[[@ref4]\] This is the result of a desire to limit the rise in IOP because there is minimal laryngo-tracheal stimulation associated with LMA placement. If at this time the IOP is increased, the intraocular contents are forced toward the incision. The iris, lens, or vitreous may prolapse either immediately or when the surgeon attempts to move the lens.\[[@ref2]\]

Many studies have shown the effect of different combinations of anesthetic drugs including hypnotics and opioids on reducing the side effect of tracheal intubation on patients' hemodynamic parameters.\[[@ref5]--[@ref9]\] Motiang *et al*.\[[@ref2]\] and Siddiqui *et al*.\[[@ref10]\] used propofol and isoflurane pulse nitrous oxide and compared the hemodynamic and IOP changes in cataract patients, while Whitford *et al*.\[[@ref11]\] administered propofol with enflurane for cataract surgery. Eltzschig *et al*.\[[@ref12]\] induced anesthesia with sevoflurane and remifentanil for strabismus surgery and compared IOP changes between endotracheal intubation (ETT) and LMA. Some investigators evaluated IOP changes between ETT and LMA placement in non-ocular surgeries using different anesthetic regimens.\[[@ref13][@ref14]\] In a recent study, Ismail *et al*.\[[@ref3]\] compared IOP and hemodynamic responses to insertion of the i-gel, LMA, or ETT in non-ophthalmic procedures using thiopental and fentanyl.

We did not find any prospective and controlled trial that used the combination of propofol and remifentanil for inducing anesthesia in cataract surgery to compare the IOP and hemodynamic changes between ETT and LMA. Thus, this randomized controlled clinical trial was aimed to evaluate IOP change and hemodynamic responses in cataract surgery patients using ETT or LMA techniques using this special drug combination and to find a technique which is associated with minimal changes.

MATERIALS AND METHODS {#sec1-2}
=====================

After obtaining ethics approval and informed written consent, 50 adult patients of American Society of Anesthesiologists physical status I-III were recruited in the study. They ranged in age from 18 to 82 years, had normal IOP, and were scheduled for unilateral cataract extraction under general anesthesia. Patients presenting with the following conditions were excluded from selection: glaucoma, diabetes mellitus, severe respiratory disease, uncontrolled hypertension, and known allergy to any of the drugs to be used. The patients were randomized into two groups of ETT and LMA, with 25 patients in each \[[Figure 1](#F1){ref-type="fig"}\]. According to Motiang and Rantloane\'s study\[[@ref2]\] that measured IOP 20 seconds after placement of LMA (7.2 ± 4.2 mmHg) and ETT (3.85 ± 3.1 mmHg) and considering a = 0.05 and study power = 80% by using an online sample size calculator (available in URL: <http://www.stat.ubc.ca/~rollin/stats/ssize/n2.html>), the sample size was calculated to be 25 patients for each group separately. The randomization process was done by using an online software (URL: <http://www.graphpad.com>).\[[@ref14]\] Our study was single blinded \[the patients were unaware of the type of airway management, but the anesthesiologist selected (randomly) ETT or LMA\].

![Randomized patients' flow diagram](JRMS-17-503-g001){#F1}

In the LMA group, the airway was secured with an LMA (size 4 in men and size 3 in women), while the ETT group represented patients in whom the airway was secured with a tracheal tube with appropriate size after which the cuff was inflated, avoiding leak. One attending anesthesiologist did laryngoscopy and ETT or placement of LMA in all the studied patients. All the patients were in grade I or II of laryngoscopy and there was not any case of difficult intubation. There was not any case of difficult intubation or repeated intubation; duration of laryngoscopy and intubation in all patients was less than 15 seconds. The cuffed tracheal tube used in women was of internal diameter (ID) 7.5 mm and in men the ID was 8.5 mm. The anesthesiologist filled the tracheal tube cuff until there was no air leakage in inspiratory pressure of 25 cmH~2~O.

Anesthesia was induced with propofol (2--2.5 mg/kg) and remifentanil (0.6--1 μg/kg) titrated to loss of eyelash reflex and this was followed by an intubating dose of atracurium (0.5 mg/kg). ETT or LMA placement proceeded 3 min thereafter. Anesthesia was maintained as a continuous infusion of remifentanil (0.17 μg/kg/min) and propofol 50--150 μg/kg/min. Ventilation of the lungs was controlled on volume control mode and adjusted to maintain EtCO2 at 32--35 mmHg. Monitoring consisted of continuous three-lead electrocardiography, non-invasive blood pressure, pulse oximetry, and capnography. A Schiotz tonometer was used to measure IOP after instillation of one drop of 0.5% tetracaine in the non-operated eye pre-induction. Repeat measurements were undertaken in 15^th^--30^th^ second, 1^st^, 2^nd^, 3^rd^, 4^th^, and 5^th^ min after the airway was secured.

Hemodynamic parameters including heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), and IOP were compared between groups after airway instrumentation. We corrected the fluctuations in blood pressure more than 20% of basal value range. Hypertension was treated with nitroglycerin infusion and hypotension was corrected by volume infusion and/or administration of IV ephedrin 5--10 mg bolus doses. The dose of nitroglycerin was 0.05--0.5 μg/kg/min adjusted to the patient\'s need to control the blood pressure rise to \>20% of pre-induction value.

The data were analyzed using SPSS for Windows statistical package v.18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables in the two groups were compared using independent samples *t*-test and categorical parameters were analyzed by Chi-square test. A *P*-value ≤0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Patients' clinical parameters in LMA and ETT groups are shown in [Table 1](#T1){ref-type="table"}. There was a statistically significant difference in sex distribution in the two study groups (*P* = 0.023). In the LMA group, 19 patients had laryngoscopy grade of I and 6 patients were of grade II; in the ETT group, 21 patients were of grade I and 4 patients were of grade II (*P* = 0.725). In the LMA group, two patients experienced hypertension and three faced mild hypotension that was treated as mentioned in Materials and Methods section. In the ETT group, four patients had increase and two patients had decrease in blood pressure that was corrected. There was not any significant difference in the number of patients who needed correction of blood pressure changes during operation \[[Table 1](#T1){ref-type="table"}\].

###### 

Patients' clinical parameters in laryngeal mask airway and endotracheal intubation groups

![](JRMS-17-503-g002)

Hemodynamic changes of patients in the two study groups are illustrated in [Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. Overall, there were no significant differences in the two groups considering SBP, DBP, and HR changes 5 min after intubation. In both groups, there was a minimal increase in IOP through the operation, but there was statistically significant difference only in 5th min after intubation between the LMA (7.9 ± 2.3 mmHg) and ETT (9.4 ± 2.5 mmHg) groups (*P* = 0.030) \[[Figure 4](#F4){ref-type="fig"}\]. There was a similar trend of change (minimal increase after airway securing) with no significant difference in peripheral O~2~ saturation in both groups \[[Figure 5](#F5){ref-type="fig"}\].

![Comparison of systolic and diastolic blood pressure in laryngeal mask airway and endotracheal intubation groups (^\*^*P* \< 0.05)](JRMS-17-503-g003){#F2}

![Heart rate variation in laryngeal mask airway and endotracheal intubation groups (^\*^*P* \< 0.05)](JRMS-17-503-g004){#F3}

![Variation of intraocular pressure in laryngeal mask airway and endotracheal intubation groups (^\*^*P* \< 0.05)](JRMS-17-503-g005){#F4}

![Comparison of peripheral O~2~ saturation in laryngeal mask airway (LMA) and endotracheal intubation groups](JRMS-17-503-g006){#F5}

DISCUSSION {#sec1-4}
==========

Most of the patients undergoing cataract extraction surgery are old, and therefore at an increased risk of adverse hemodynamic responses for airway manipulation.\[[@ref1]\] ETT may be associated with tachycardia, hypertension, and an increase in IOP. LMA insertion is less traumatic than ETT and may provoke less sympathetic stimulation.\[[@ref13][@ref15]\] However, during insertion of the LMA, there is less likelihood of a blood pressure response or coughing than with conventional tracheal intubation. As a result, the increase in IOP may be diminished.\[[@ref2][@ref13]\]

Many studies have compared hemodynamic changes between LMA and ETT in ophthalmic surgeries; some researchers found differences and preferred LMA to ETT,\[[@ref12][@ref16]--[@ref18]\] but others did not find any difference between LMA and ETT.\[[@ref17][@ref19]\] In most studies on cataract\[[@ref2][@ref11]\] and other ophthalmic surgeries\[[@ref12][@ref16]\] with various anesthetic drug combinations, there was higher increase in IOP in ETT group than in LMA group. However, Akhtar *et al*.\[[@ref20]\] used propofol anesthesia and did not find significant difference in IOP in LMA and ETT groups in ophthalmic operation. Hltzschig *et al*.\[[@ref19]\] administered sevoflurane and remifentanil combination and also did not find significant difference in IOP in LMA and ETT groups in strabismus surgery.

The difference in sex distribution in our study occurred *by chance* and it seems there is not any pathophysiologic relationship between patient gender and ease of tracheal intubation in our studied population. In our study, we used propofol and remifentanil for inducing and maintaining anesthesia both for LMA and ETT insertion. Overall, we did not find significant differences between LMA and ETT groups in SBP, DBP, HR, and IOP immediately after airway instrumentation up to 5 min, except in the 4th min in DBP, 2nd min in HR, and 5th min in IOP. Even these transient statistically significant differences in some parameters were not clinically important. "Propofol-remifentanil" is a hypnotic-analgesic combination, and if used by an experienced hand - anesthesiologist - it provides adequate anesthesia depth with acceptable hemodynamics. So, insertion of either LMA or ETT leads to *minimal and similar* decrease in SBP, DBP, and HR, and minimal increase in IOP in both study groups \[[Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. The number of patients who needed intervention to correct blood pressure variation was not different in both groups \[[Table 1](#T1){ref-type="table"}\]. Although there was good surgeon satisfaction for providing acceptable surgical field (88% in LMA group and 80% in ETT group), both study groups were similar in this point of view. Thus, we find no difference in hemodynamic and IOP changes with LMA or ETT in airway management using propofol and remifentanil for anesthesia in cataract surgery.

Some investigators evaluated various doses and combinations of propofol and remifentanil in ophthalmic surgeries and compared LMA insertion with ETT, but none of them were performed in cataract extraction surgery.\[[@ref5]--[@ref9][@ref21]\] In our study, we compared hemodynamic and IOP changes and surgeon satisfaction in both and the number of patients who needed normalization of the blood pressure changes, and found that in both LMA and ETT groups, propofol and remifentanil combination provided good anesthesia depth with acceptable hemodynamic profile in cataract operation. Regarding lower risk of airway complications with LMA (in comparison with ETT)\[[@ref4]\] and newer versions of LMA,\[[@ref22]\] and also expanding the experience of administration of propofol and remifentanil in LMA insertion and removal,\[[@ref23]\] it seems using LMA may be better than ETT for airway securing in patients who are candidates for cataract surgery.

LIMITATIONS {#sec1-5}
===========

In this study, we measured hemodynamic parameters in the first 5 min of operation only; it is better to measure these variables through the operation period and even in recovery period. Also, our study consisted of adult population. For determining airway differences between adults and children, it is useful to conduct another investigation in pediatric patients to compare the effect of this drug combination on IOP and hemodynamic parameters.

CONCLUSION {#sec1-6}
==========

In this study, providing acceptable anesthesia using propofol and remifentanil combination, we did not find significant differences in hemodynamic and IOP values between patients with LMA and those with ETT. Thus, considering LMA insertion is less traumatic than ETT, using LMA may be better than ETT for airway securing in patients who are candidates for cataract surgery.
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